Intravenous administration of potassium to patients with atrial fibrillation treated with digitalis resulted in depression of conduction through the A-V node, appearance of complete A-V dissociation and in some abolition of ventricular ectopic beats. The presence or absence of ectopic ventricular beats as well as the degree of depression of A-V node could be controlled at will by varying the rate of infusion. Termination of infusion was paralleled by prompt reappearance of all arrhy-thmuias present before infusion started.
POTASSIUM is used in the treatment of cardiac arrhythmias due to digitalis as well as some arrhythmias not associated with digitalis therapy.' 10 A number of the latter no doubt represent cases of arrhythmias secondary to potassium depletion such as are encountered in diarrheal states, vomiting, and severe heart failure."' 12 There are instances of cardiac arrhythmia, however, in which potassium depletion cannot be demonstrated, nor is there reason to suspect that a state of depletion exists; yet some of these respond to potassium.13 It is very likely that the response of many of these arrhythmias is due to the well-known, nonspecific, depressing effect of potassium and may have nothing whatever to do with replacement of serum or total body potassium or "antagonism" to digitalis. The direct relation of the degree of depression of myocardium to the rate of infusion and the concentration of potassium delivered to the heart itself was stressed in 1930 by Wiggers.'4 Elevation of serum potassium has been noted to decrease conduction through the A-V node. Such a depression of conduction is manifest by prolongation of P-R intervals and occasionally by A-V dissociation due to interference. In patients with atrial fibrillation the depression of conduction is manifest by slowing of ventricular rate. Higher grades of block such as second degree or complete A-V dissociation have not been observed in humans.1 '5 16 Because of these earlier reports it was thought that this problem warranted further study with emphasis on (1) the relation of changes of ventricular rate and rhythm to rate of infusion and (2) the speed with which such changes may take place. Patients with atrial fibrillation seemed best suited for such an investigation because (1) it is easier to determine the "degree" of digitalization in patients with atrial fibrillation than in individuals with sinus rhythm; (2) Each patient rested for 30 minutes before administration of potassiulm was begun. Electrocardiograms were taken every 5 minutes during the control period and during infusion of potassium. Frequent tracings were taken thereafter for a period of 2 hours. Six patients (nos. 3, 6, 14-17) were given 200 nil. of isotonic saline over a 30-minute period before potassium was started.
Eleven paitients were given buffered pota ssiunm phosphate dissolved in distilled water to a concentration of 150 nmEq. per liter and 6 other patients (nos. 3, 7, 14-17) received the potassiuni in forum of potassium chloride. The rate of infusion was uniform in 6 patients and in 11 it was started at a rapid rate but this speed could not be maintained for long-er than 3 to 5 minutes because of intense local pain. The aiverage amount of potassiulml administered throughout the experiment v'aried from .5 to 1.0 iinEq. per minute, depending on the degree of pain. The infusion was not discontinued until at least .5 mEq. per Kg. of body weight was administered. Six patients were given 1.25 lllg. of atropine sub(utanieously 2 hours after the administration of potassium was discontinued, anrd the ventricular rate was recorded for an hour. Serum potassium levels were determined during the control period, during the infusion, at the end of infusion, and 2 hours after the experiment was lixesnotinued. The seruin levels were determined by%, meanlsi of the Bekckman flame photometer with a litliunii interval standard.
The electroc.airdiograimlS +s were analyzed with re-,gard to (1) ventricular rate, (2) hours after infusion was discontinued exhibited ventricular speeding but the increase was not greater than that observed when atropine was administered on the day before administration of potassium.
Effect on Ventricular Ectopic Beats. During the administration of potassium the idioventricular rhythm (patient 6) and ventricular bigeminy (patients 4, 5, 7) disappeared either at the time of maximum depression of conduction through the A-V node (patients 5, 6) or with appearance of complete A-V dissociation (patients 4, 7). In all 4 patients in this group the ventricular ectopic beats reappeared: in 2 (patients 4, 5) within 5 minutes after the infusion was halted and in the other 2 (patients 6, 7) within 30 minutes after the infusion was discontinued. Elimination of the ventricular ectopic beats with simultaneous decrease or cessation of conduction through the A-V node and the effect of rate of infusion on such changes are shown in figures 2, 3,and 4.
In figure 2 (patient 6 Changes in T Waves and Serum Potassium. Only 3 patients (nos. 2, 5, 6) showed significant change in the amplitude of the T waves. The expected rise in serum potassium at the time the infusion was exerting its maximal effect on the ventricular rate or the cardiac rhythm was not observed. To the contrary, of the 13 patients in whom a satisfactory specimen was obtained during administration of the potassium, 10 showed a serum potassium content lower than that recorded prior to start of the infusion. example, paroxysmal atrial tachycardia with block, in patients treated with digitalis, is frequently assumed to be a sign of digitalis intoxication. Such a cause-and-effect relation is often difficult to prove. In Barker 's17 early and rather comprehensive review of this arrhythmia one is struck by the paucity of cases due to digitalis, but to the contrary many were abolished by digitalis. The uncertainty that in any given patient digitalis is responsible for the arrhythmia in question is exemplified by our observations. In all our cases the A-V nodal or ectopic ventricular arrhythmias appeared while the patients were under observation and increasing doses of digitalis were being administered. Consequently one can assume that the arrhythmias observed before the infusion of potassium in each case were in some way related to digitalis. If, however, the electrocardiographic changes recorded during our experiments were studied without prior knowledge of administration of potassium, the resultant interpretation would most likely be misleading, because the decrease of conduction through the A-V node, appearance of A-V nodal escape beats, A-V nodal rhythm, and complete A-V dissociation would most certainly suggest to the electrocardiographer increased digitalis effect or digitalis intoxication. It seems reasonable to assume that if potassium has an effect opposite to digitalis, administration of the former should increase conduction via the A-V node and thus increase the ventricular rate and at the same time abolish the A-V nodal escape beat and escape rhythm. Furthermore, should this occur with concomitant disappearance of ventricular ectopic beats, then one could conjecture that the effect of digitalis was to some extent negated by potassium. Our results, however, failed to bear out this assumption. The ventricular ectopic beats did disappear but with parallel depression of A-V conduction. The latter was manifest by complete A-V dissociation and appearance of an independent ventricular pacemaker. The subsidiary pacemaker was probably A-V nodal in origin with aberrant conduction in one case ( fig. 4 ). This aberrancy, however, cannot be differentiated from beats originating below the bifurcation of the His bundle.
The only conclusion that could be drawn from these observations was that the observed effect of potassium on ventricular rate and ectopic beats must have been one of depression of the myocardium and the A-V node. This depression accounted for disappearance of ventricular ectopic beats, decrease of A-V nodal conduction, and appearance of complete A-V dissociation. Presence or absence of ventricular bigeminy, degree of depression of A-V nodal conduction, and the rate of A-V nodal discharge in presence of A-V dissociation depended largely on the rate of infusion of potassium. In some patients we were able, almost at will, to control the disappearance and reappearance of ventricular bigeminy as well as the degree of depression of the A-V node. The rapidity of changes during the experiment and the reappearance, in less than 30 minutes after infusion was stopped, of the arrhythmias present during the control periods can be best explained on the nonspecific depressing effeet of potassium during the infusion. In many cases reported in the literature the dramatic and prompt response to potassium of the arrhythmias occurring in patients under digitalis therapy must have been due to this nonspecific depressing effect. The mechanism of observed alterations is difficult to ascertain. It is unlikely for reasons listed below that the pronounced effect observed in some of our patients could be due entirely to rise in serum potassium. These reasons are (1) the amount injected during any period of "rapid infusion" that resulted in heart block was very small; (2) we were unable to demonstrate any rise in serum potassium at time of maximum depression of conduction but to the contrary in 10 patients there was lowering of the serum level; (3) in only 2 patients did the T-wave change parallel the disturbance of rhythm, but in neither were these changes striking. It The disappearance of ventricular ectopic beats with parallel depression of conduction through the A-V node indicates that the early dramatic response of arrhythmia to intravenous potassium is probably due to a nonspecific myocardial depression.
In all our cases the ventricular ectopic beats present during control period reappeared promptly when infusion was stopped.
The presence or absence of ventricular premature contractions, depression of A-V nodal conduction and the rate of discharge of the A-V nodal pacemaker could often be controlled by merely speeding or slowing the rate of infusion of potassium.
The need for further study of this problem in patients with atrial fibrillation is stressed.
SUMMARIO IN INTERLINGUA Esseva studiate le effecto de kalium super le conduction del nodo atrio-ventricular e super le ectopic pulsos ventricular in patientes con fibrillation atrial tractate con digitalis.
lie disparition del ectopic pulsos ventricular con un depression parallel del conduction a transverso le nodo atrio-ventricular indica que le precoce e frappante responsa de arrhythmia al administration intravenose de kalium es probabilemente le resultato de un nonspecific depression myocardial.
In omne nostre casos le ectopic pulsos ventricular que esseva presente durante le periodo de controlo reappareva promptemente quando le infusion esseva arrestate.
Le presentia o absentia de prematur contractiones ventricular, le depression del conduction per le nodo atrio-ventricular, e le mesura del discarga in le pacemaker del nodo atrio-ventricular esseva regulabile in multe casos per simplemente accelerar o relentar le infusion de kalium.
Es sublineate le necessitate de studios additional de iste problema in patientes con fibrillation atrial. These 2 enzymes (and transaminase as well) are widely distributed throughout body cells, the former participating in the citric acid cycle and the latter being concerned with glycolysis. Measurement of the plasma level of either enzyme is easy to carry out, although the result in the case of malic dehydrogenase may not be entirely specific. In 18 patients with acute myocardial infarction but not in shock, the plasma activity of all
